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(57) Abstract: A method and apparatus (10) for extracting energy from flowing fluids using a diffuser (11) which has side walls 
(14) formed from a series of aerofoil section members (15) with gaps (29) provided between the leading and trailing ends of the 
members (15) to allow introduction of fluid from outside of the diffuser (11) into the diffuser flow passage (16) such that increased 
energy can be extracted from the flowing fluid by a prime mover (20) located in the flow passage (16). 
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EXTRACTING ENERGY FROM FLOWING FLUIDS 
Technical Field 

This tovention relates a method and apparatus for extracting energy fiom flowing 
flmds and in particular to an improved method and apparatus for increasing the ef&dlency 
5 of extraction of energy from flowing liquids. 
Background Art 

It is well known to extract energy from a flowing fluid by the use of suitable 
tuit»iries which drive electrical generators to generate electricity. Such arrangements are 
commonly used in hydroelectric systems and usually use a head of water created through 

10 the construction of a dam to create a flow of water through conduits in which turbines are 
positioned. These systems whilst relatively efficient can negatively impact the 
environment during and following construction of the dams. 

Other systems have been proposed and u$ed which use the sea as a source of 
energy. Energy can be extracted from the sea by using the wave motion of the sea or tidal 

15 movement of the sea. A slow moving body of fluid however requires a large and costiy 
prime mdv^ to generate the necessary motion to drive energy extraction means. While 
the body of fluid may well be capable of providing substantial energy, it is the harnessing 
of that ^ergy which is difBoult, In order to generate an adequate supply of electricity to 
render a system profitable, a velocity of fluid flow should be higji canough to avoid the 

20 necessity of providing costly and complicated prime movers. The costs of systems 
currently proposed or in use are too hi^ to justify their broad implementation. In the 
various systems which are presently used, it is difScult to obtain a suflSdently high fluid 
velocity to enable efBcient extraction of energy. 
Summary of di0 Inventioii 

25 The present invention aims to provide an improved method and apparatus for 

extracting energy from flowing fluid which overcomes or at least alleviates one or more 
of the above disadvantages. In a particular aspect the present invention aims to provide a 
diffuser for xjse in enhancing energy collection from a flow of fluid such as water in a 
tidal energy extraction system. The present invention in a further aspect aims to provide 

30 apparatus for extracting energy from a flow of fluid. Other objects and advantages of the 
invention will become apparent from the following description. 

According to one aspect of the present invention, there is provided a diffuser for 
use in apparatus for extracting energy from a flow of liquid, said diffii$er comprising a 
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flow passage having an inlet and an outlet and a side wall or walls between said inlet and 
said outlet, said side wall or walls being defined by a plurality of members of an aerofoil 
cross section. 

Preferably the aerofoil section members are arranged in series between the inlet 
5 and outlet such that other than at the inlet and outlet, the trailing portion or edge of one 
aerofoil section member is adjacent the leading portion or edge of the immediately 
adjacent trailing aerofoil section member. The term "aerofoil section member" as used 
herein includes any wing- like body. 

Preferably, a gap or slot is provided between a trailing portion or edge of each 
10 aerofoil section member and tiie leading portion or edge of the adjacent aerofoil section 
member section so that high energy flow from outside of the diffaser can be introduced 
into the flow passage between the respective aerofoil section members. 

Typically, the diffuser may be positioned in a naturally occurring flow of flmd 
such as within a tidal flow such that the inlet is positioned upstream of the outlet. The 
15 dififliser may be supported on a suitable support means positioned in the flow of fluid. 
Preferably the difiuser is mounted rotatably to the support means so as to adjust to the 
direction of the flow of fluid. The support means may comprise a support pedestal to 
which the difiuser is mounted for rotation about a v^cal axis. Alternatively, the diSuser 
may be suspended ftom a suitable structure or other means such as a buoyant body or 
20 anchored at a required elevation within the body of fliiid. 

The diffiiser suitably defines a flow passage which initially decreases in cross 
sectional area from the inlet to a constricted region between the inlet and the outlet and, 
thereafter, has an increasing cross sectional area rearwardly and away from the 
constricted region towards the outlet. Preferably the aerofoil section members are 
25 arranged along a parabolic curve between the inlet and outlet 

The diffiiser in one form may define a flow passage which is of a substantially 
rectangular cross section. The difiuser in this configuration suitably has a pair of opposite 
spaced apart planar walls and a pair of opposite walls defined by the aerofoil section 
members. Suitably the spaced apart planar walls comprise upper and lower walls and the 
30 aerofoil section members suitably comprise members which are oriented such that the 
leading and trailing edges of the aerofoil section members are substantially vertical and 
extend between the upper and lower walls of the difftiser. 
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The diffusa: however may define a flow passage of any cross section. Thus in a 
jEurther form the diffuser may define a flow passage which is substantially circular in 
cnD$$ section with the side walls of the diffiiser being defined by annular members of 
aerofoil cross section. In yet a further configuration, the diffiiser may define a flow 
5 passage of multi-sided cross section such as of an octagonal cross section. In such a 
configuration, the side walls of tlie flow passage may be defined by a plurality of sets of 
linear aerofoil section members which in each set are angled to each other with the 
plurality of sets arranged one after the other between the inlet and outlet. 

The aerofoil section members in the diffuser firom the constriction rearwardly are 

10 angled at an increasing angle to the longitudinal axis of flie diffuser witli respective 
openings or gaps formed between the trailing edge of one member and the leading edge of 
the adjacent trailing member. In a typical configuration, the diffuser has aerofoil section 
members which rearwardly of the constricted region are angled at 10 to 20 dej^^ 
increments relative to the longitudinal axis of the diffuser. 

15 At the leading end of the difEtis<^, the aerofoil section members of the side walls 

are preferably angled outwardly firom the constriction to provide an angle of incidence 
suitably at 10 to 12 degrees to the longitudnial axis of the diffuser. Further, the aerofoil 
section members at or adjacent the constricted region suitably extend substantially 
parallel to the longitudinal axis of the diffuser. Suitably at the traiimg end of the diffuser, 

20 the aerofoil section members are angled outwardly at 40 to 45 degrees to the longitudinal 
axis of the diffuser. Reference to angles of the aerofoil section members herein is a 
reference to angles taken firom the chord lines of the aerofoil section members. 

Preferably the aerofoil section members comprise asymmetric aerofoil section 
members. Preferably the asymmetric aerofoil section members have their camber 

25 arranged on the flow passage side of the diffuser. 

Preferably means are provided to adjust the aerofoil section members to adjust the 
gap between the aerofoil section members. Preferably for this purpose, the aerofoil 
section members are mounted for pivotal movement about their longitudinal axes and 
means are provided to adjust the pivotal position of the members. 

30 When applied to use in energy collection apparatus for extracting energy from a 

flowing liquid, the diffuser is typically positioned in a naturally occurring flow of water 
and a prime mover is positioned in or near the constriction. Preferably means are 
provided to sense the output of the prime mover and means are provided to adjust the 
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aerofoil section membera for example by pivoting the aerofoil section members about 
their pivot axes to adjust the si:^e of the gaps or slots between the aerofoil section 
members in accordance with the sensed output such that the aerofoil section members can 
be moved to an optimum position where maximum output of the prime mover i$ 
5 achieved* Preferably flow sensing means are provided to sense the velocity of flow of 
fluid in the flow passage and the optimum jposition of the aerofoil section members to 
provide maximum output from the prime mover can be calibrated in accordance with the 
velocity of the flow of fluid through the flow passage. 

The present invention in a further aspect thus provides a method of generating 

10 energy, the method comprising the steps of providing a dif^user in a naturally occuiiing 
fluid flow, said diffuser comprising a flow passage having an inlet and an outlet and a 
side wall or walls between said inlet and said outlet said side wall or walls being defined 
by a pluraEty of members of an aerofoil cross section and said flow passage having a 
constricted region between said inlet and said outlet, and driving an energy takenDff 

15 means with a prime mover positioned in the constricted region, the prime mover being 
configured to move in response to the flow of fluid through the constricted region. 

In yet a ftirthcr aspect, the present invention provides an apparatus for generating 
energy, the apparatus comprising a diffuser comprising a flow passage having an inl^ and 
an outlet and a side wall or walls between said inlet and said outlet, said side wall or walls 

20 being defined by a plurality of members of an aerofoil cross section, said flow passage 
having a constricted region between said inlet and outlet and a prime mover positioned in 
the constricted region to drive an energy take-off means, the prime mover being 
configured to move in response to the flow of fluid through the constricted region. 

Suitably the aerofoil section members are arranged in series between the inlet and 

25 outlet such that other than at the inlet and outlet, the trailing portion or edge of one 
aerofoil section member is adjacent the leading portion or edge of the hnmediately 
adjacent trailing aerofoil section member and a gap or slot is provided between a trailing 
portion or edge of each aerofoil section member and the leading portion or edge of the 
adjacent profiled section (apart from at the aerofoil section members at the leading and 

30 trailing end of the diffuser). The gaps or slots between the respective aerofoil section 
members allow the introduction of high energy fluid flow from outside of the diffuser into 
the flow passage whereby boundary layer separation is prevented so that the dijSuser 
recovers some of the velocity head, thereby increasing the pressure drop across the prime 
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mover and hence power output. As referred to above, the size of the gaps can be adjusted 
in aocsordance with the output of the prime mov«: so that the optimum position of the 
members can be set Each aerofoil section member may be adjusted separately or all the 
aerofoil section member may be adjusted to the same extent. Preferably the aerofoil 
5 section members are mounted for pivotal movement about their longitadinal axes and 
means may be provided for selectively pivoting the aerofoil section members about their 
pivot axes, The adjusting means may be controlled by a programmable microcontroller to 
enable individual aerofoil section members to be pivoted about their axes cither 
simultaneously to the same extent or separately. Thus the gaps or slots between 
10 respective adjacent aerofoil section members may be adjusted to the same extent or to a 
different extent The velocity of tlie flow of fluid in the flow passage may also be 
monitored by the microcontroller such that the optimum position of the aerofoil section 
members can be set in accordance with the velocity of flow to provide optimum output 
from the prime mover, 

15 The prime mover is configured to be acted upon by the water passing through the 

diffuser to rotate at a speed prbportioual to the velocity of the water in the constriction. 
Typically, the prime mover is in the form of a tuibine which is rotatably mounted within 
the flow passage. Suitably^ the turbine has a rotatably mounted shaft and blades which 
are supported on or to the shafte The blade may be positioned and configured so that the 

20 shaft is rotated when fluid passes through the passage. The blades may be spaced radially 
fiom, and extend parallel to, the shaft or axis of rotation of the tuibine. Suitably the 
blade$ are of an aerofoil cross section. The shaft and the blades may be positioned 
orthogonally with respect to a direction of flow through the conduit means. Thus, an axis 
of rotation of the shaft and the blades may be orthogonal with respect to the direction of 

25 flow- • 

Each blade may be adjustably mounted so that the blades can be adjusted to 
produce maximum response to the flow of fluid through the flow passage. The blades of 
the mrbine are suitably mounted so as to be capable of limited pivotal movement about 
their longitudhial axes. Damping mean.s are suitably provided to damp the pivoting 
30 movement of the blades. Preferably an ann is fixed to each blade for pivotal movement 
therewith, the aim being associated with the damping means. The damping means 
suitably comprises hydraulic damping means. Tlic damping means preferably dqmp 
pivotal movement of the blades in opposite directions. The damping means may 
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csomprisc a piston and cylinder associated with each blade. The cylinder of the damping 
means may include an opening to allow limited flow of fluid to and from the cylinder 
upon movement of the piston therein in opposite directions. Preferably the arms of the 
blades are pivotally connected to the respective pistons of the hydraulic damping means. 
5 Stop means may also be provided to limit the pivotal movement of the blades. 

The stop means may be provided in the path of movement of the arms to limit pivotal 
movement of the anus and thus blades in a first direction. The damping means may 
comprise the means to limit the pivotal movement of the arms and blades in the opposite 
directions, 

10 The turbine can be moxinted either in a vertical orientation or alternatively, can be 

mounted horizontally, depending on location arid constructional requirements. Thus the 
blades and the shaft may be substantially vertically oriented when the difiUser is in an 
operative position. Alternatively, the blades and the shaft may be substaatiaJly 
horizontally oriented when the difiiiser in an operative pQ$ition, 

15 The apparatus may include an energy takeoff means that is connected directly or 

indirectly to the shaft of the turbine. The energy take-off means may include an electrical 
generator for genemting electricity. The shaft may extend through a side wall or wall of 
t the difiuser to be coupled if desired through suitable gearing or a suitable transmission to 
the electrical genemtor. 

20 A turbine of cross flow configuration is described above for use in extracting 

emeay firom the flow of fluid through the diffuser however the turbine may be in any 
suitable configuration which will allow energy to be extracted from the accelerated fluid 
flow through the constricted region. Further^ a plurality of prime movers may be 
moutited within the diffoser and connected to respective energy take off means. 

25 Brief Description of the Drawings 

Reference will now be made to the accompanying drawings which illu$trate 
preferred embodiments of the diffuser and associated turbine. It will be appreciated 
however that the turbine used to extract energy from flow through the diffuser may be in 
many different configurations other than that shown and described* Similarly, the 

30 illustrated turbine may be used with other forms of diffuser or shroud or in other 
applications. In the drawings: 

Fig, 1 illustrates a fluid energy extraction apparatus according to one aspect of the 
invention and positioned in a flow of fluid; 
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Fig. 2 is a cross sectional view of the dif¥iiser of the apparatus of Fig, 1 ; 

Fig. 3 is an enlarged cross section view of the constricted region of the diffuscr;. 

Figs. 4 (A) to (D) are enlarged views illustrating the blades of the turbine with 
associated dampers in their different attitudes shown in Fig- 3; 
5 Fig. 5 illustrates schematically a cross sectional view similar to Fig. 2 showing a 

difftxser with adjiistable side wall members; 

Fig. 6 is an enlarged view showing schematically an arrangement for adjusting the 
aerofoil section members of the side wall members; 

Figs, 7 to 9 illustrate in perspective, side and end views an alternative diffuser 
10 according to the invention; 

Fig. 10 illustrates in perspective view yet a forther diffuser according to the 
invention; and 

Fig* 11 is a cross section of the diffuser of Fig. 10 carrying a turbine* 
Detailed Description of the Preferred Embodiments 

IS Referring firstly to Fig, 1, there is illustrated fluid energy extraction apparatus 10 

according to an embodiment of the invention submerged within a flowing fluid for 
example within a river, the direction of flow of whic^ is indicated by the arrow A. The 
apparatus XO includes a diffuser 1 1 having top and bottom planar walls 12 and 13 and 
opposite side walls 14 defined by a plurality of linear aerofoil section members 15 of 

20 constant cross section which extend between the top and bottom walls 12 and 13 and 
which have their leading and trailing edges extending linearly and substantially at right 
angles to the planar walls 12 and 13. The difliiser 1 1 thus defines a flow passage 16 of 
substantially rectangular cross section but which varies in dimensions between a leading 
inlet 17 and trailing outlet 18 of the diffuser 1 1 , 

25 The difftiser 11 is mounted on a pedestal 19 for rotation about a substantially 

vertical axis such that the diffuser 1 1 may automatically adjust to the direction of flow 
whereby tiie inlet 17 is always directed towards incoming fluid flow. The pedestal 19 
may include legs for mounting the diffuser where required for example to bedrock in a 
river. Mounted within the diffuser ] 1 in the flow passage 16 for rotation above a vertical 

30 axis is a turbine 20 for extracting energy from fluid flowing through the diffuser. An 
electric generator 21 mounted to the underside of the diffuser 1 1 is coupled to the turbine 
20 through any suitable transmission such as a gear transmission such that rotation of the 
turbine 20 causes the generator 21 to be driven. An electrical cable 22 is connected to the 
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' generator 21 and leads to any above surface location where power generated by the 
generator 21 is to be applied, A deflector 23 is provided at the inlet 17 to prevent debris 
passing into the difftiser 1 1 or to deflect debris from the difPuser inlet 1 7, The deflector 23 
includes a plurality of spaced apart circular deflector elements 24 of increasing diameter 
5 fixim the leading end of the deflector 23 towards the inlet 17. A mesh grid 25 is further 
associated with the deflector 23 to trap debris and prevent debris entering the flow 
passage 16. 

As shown more clemrly in Fig. 2, the diffoser 10 has a constriction 26 between the 
inlet 17 and outlet 18 and adjacent to the inlet 17, The flow passage 16 initially decreases 

10 in qross section from the inlet 17 to the constriction 26 and then increases in cross section 
from the constriction 26 to the outlet 18. The aerofoil section members 15 which form 
the side walls 14 of the diffuser 11 are oriented such that their leading edges 27 are 
directed towards the inlet 17 and the trailing edges 28 arc directed towards the ouflet 18 
and are further arranged between the inlet 17 and ouflet IS along a parabolic curve to 

15 form the constriction 26. The respective aerofoil section members 15 are fbrther arranged 
such that gaps 29 of slot-like configuration are provided between the trailing edges 28 of 
each aerofoil section member 15 and the leading edges 27 of an adjacent trailing member 
15 (apart from at the leading and trailing ends of the diffuser 11)- The members 15 are 
further arranged su<* that the leading edges 27 members 15 are arranged outwardly 

20 relative to the flow passage 26 of the trailing edges 28 of the inxmedii^tely adjacent 
leading members 15, The gaps 25 enable the introduction into the flirid flow passage 16 
of high energy fluid flow from outside the diffuser 11 to prevent boundary layer 
separation and for the recovery of velocity head. 

The geometry of the side walls 14 is such that the aerofoil section members 15 at 

25 the inlet are angled outwardly at an angle 9 between their chord lines and the longitudinal 
axis X-X of the diffuser 11 of between 10 and 12 degrees. The included angle between 
the leading aerofoil section members 15 is thus 20 to 24 degrees. The aerofoil section 
members 15 at the outlet 17 of the diffuser 1 1 are angled outwardly at an angle <P between 
their chord lines and the longitudinal axis X-X of 40 to 45 degrees. Thus the included 

30 angle between these members is SO to 90 degrees. These angles however may be varied 
both at the trailing and leading end of the diffuser 1 1 , 

At the constriction 26, the chord lines of the aerofoil section members 15 lie 
substantially parallel to the longitudinal axis X-X of the diffuser 11. Rearwardly from the 
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constrictioii 26, the aerofoil section members 15 in turn are angled at an increasing angle 
to the axis X-X of the diffiiser 1 1 - Typically the aerofoil section members 15 from the 
constriction 26 rearwardly are angled outwardly at increments of 10 to 15 degrees. The 
aerofoil section members 15 have an asymmetrical configuration as illiostrated with their 
5 camber and thus convex $ides located on the flow passage side of the diffuser 1 1 ♦ 

The turbine 20 as more clearly shown in Figs, 3 and 4 comprises a vertical axis 
turbine having xipper and lower discs 30 and 31 mounted to the diffuser 11 for rotation 
about a vertical axis via a central shaft 32. A plurality of circimifefentially spaced 
vertical linear blades 33, in this case four blades, of asymmetrical aerofoil caross section 
10 are supported between and mounted to the upper and lower discs 30 and 31 . Each blade 
33 of the turbine 20 is mounted to the discs 30 and 3 1 for limited pivotal movement about 
an axis 34 extending longitudinally relative to the leading edges 35 of the blades 33. 
Each blade 33 of the turbine 20 is allowed to pitch to a limited degree in this embodiment 
+ or - 10 degrees with pivotal movement of the blades 33 in one direction dampened and 
1 5 limited by means of hydraulic dampeners 36. The pivot axes Of the turbine blades 30 is 
preferably less than 25% of the chord distance from the leading edges of tho blades 33. 
The pitching action of the blades 33 about their pivotal axes 34 is damped by means of 
the hydraulic dampeners 36 which aS described below are open to outside water and 
prevent the turbine blades 33 from exoessive shock during the pitching moment that 
20 • would otherwise destroy the blades 33 and the turbine 20. 

For the above purpose, arms 37 are fixed at one end to the blades 33 at the pivot 
axes 34 for rotation with the blades 33. At their other ends, tho mns 37 ar© pivotally 
connected to the pistons 38 of the hydraulic dampeners 36 which are movable wittiin 
cylinders 39. The cylinders 39 have bleed valves or ports 40 allowing controlled escape 
25 of fluid from the cylinders 39 as the pistons 38 advance into the cylinders 39. Pivotal 
movement of the blades 33 m the opposite direction is also damped by the dampeners 36 
as the bleed valves or ports? 40 restrict entry of external fluid flow into the cylinders 39, 
Further, stoppers 41 opposite the dampeners 36 in the path of movement of the pistons 38 
and arms 37 limit pivotal movement of the blades 33 in the opposite direction. 
30 The turbine 20 is located on the longitudinal axis X-X of the diffuser 11 in the 

constriction 26 immediately inside the itilet 1 6. The turbme blades 33 are positioned with 
their camber located innermost to provide the most efficient perforaiance. The turbine 20 
illustrated has an anti clockwise rotation due to the blade orientation but could be 
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reversed to clockwise by revemng the blades 33. In the embodimeat illustrated the 
turbine 20 has four blades but can have three or more blades 33 . 

On the compression stroke of the piston 38 as aa the position D of Fig. 4, the end 
of the piston 38 engages the end of the cylinder 39 to prevent the pitch amplitude 
5 exceeding 10 degrees. On the suction stroke of the piston 38 which is damped by the 
bleed valve 40, the stopper 41 prevents the movement exceeding 10 deg^rees in the 
opposite direction as in position B of Fig, 4. 

In Fig. 3, turbine blades 33 arc shown as they pitch through an arc of + and - 10 
degrees or 20 degrees inclusive. In Fig. 4A, the turbine blade 33 is in a neutral position or 

10 pitch. Fig, 4B shows a— 10 degree pitch position with the pitch movement controlled by 
the stopper 41 preventing the piston 38 from further movement. Fig. 4C shows the 
neutral pitch position opposite the Fig. 4A position. Fig. 4D shows the 4- 10 degree pitch 
position and the end of the piston 38 cooperating with the dampener cylinder 39 
controlling the blade pitch. 

15 The blades 33 as described may be mounted to solid disks 30 and 31 top and 

bottom so that the disks 30 and 3 1 and the blades 33 can rotate together. Alternatively the 
blades 33 can be held and supported by means of radial arms fixed to and extending 
radially from the shaft 32. 

Referring now to Figs. 5 and 6, there is illustrated a modified diffliser 42 which is 

20 similar to the diffuser 1 1 and as before includes a series of aerofoil section members 43 
which define opposite side walls 44 of the diffUser 42. The members 43 in this case 
however are mounted for rotation about longitudinally extending asses 45 which extend 
parallel to the leading edges of the m^bers 43. Rotation of the members 43 permits 
adjustment of the size of the gap 46 between the trailing edge of one member 43 and the 

25 leading end of the adjacent member 43. 

Adjustment of the rotational position of tihe members 1 3 can be effected by means 
of radial arms 47 fixed to the members 13 at or adjacent their pivot axes 45. The anus are 
coupled to servomotors 48 which can be actuated to effect movement of the arms 47 in 
opposite directions as illustrated by the arrows in Pig, 6 and thus cause opposite pivotal 

30 movement of the. members 43. A programmable controller 49 is connected to the 
servomotors 48 to enable simultaneou.s actuation of the servomotors 48 and thus 
simultaneous pivotal movement of the members 44 in opposite directions to thereby 
simultaneously adjust the width of the gap 46 between the members 43* The controller 49 
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is also coBHOcted to an ou^yt sensor 50 which provides an indication of the power output 
of a prime mover «uch a$ a turbine 20 as previously described positioned in the diftuser 
42. The controller 49 may also be connected to a fluid flow sensor 51. which senses the 
velocity of fluid in which the diffuser 42 is submerged or in the velocity of fluid in the 
5 diffiiser flow passage. 

The controller 49 is thus capable of adjusting the pivotal position of the members 
44 and thus the width of the gaps 46 between the members 43 in accordance with sensed 
output of the prime mover to achieve optimal operation of the energy extraction 
apparatus. The controller 49 is programmable so that optimum operational positions of 

10 the members 44 relative to sensed flow can be programmed into the controller 49 in 
accordance with flow in the diffuser flow passage as sensed by the sensor 51 , 

The diffusers described with reference to Figs* 1 to 6 have flow passages which 
are substantially rectangular in cro.ss section. The diffusers however may define flow 
passages of any cross section- Thus as shown in Figs. 7 to 8, a diffiiser 52 of octagonal 

15 cross section is illustrated and thus having eight sides 53 each defined a series of aerofoil 
section wall member 54 extending fi*om the leading inlet end 55 to the outlet end 56 of the 
diffuser 52. In sectional view, each side 53 has a configuration which is the same as one 
half of the diffuser of Fig. 2. 

Referring now to Figs. 9 and 10 there is illustrated an alternative energy 

20 extraction apparatus 57 according to another embodiment of the invention having a 
diffuser 58 which defines a flow passage 59 of circular cross section^ The diffiiser 58 is 
comprised of a plurality of annular members 60 which defines a side wall 61 of the 
diffiiser 58. The annular members 60 are of an asymmetrical aerofoil cross section and 
are arranged such that the flow passage 59 decreases in cross section from the inlet 62 to a 

25 . constriction 63 and then increases in cross section to the outlet 64, As before a cross flow 
turbine 65 of similar configuration to that described previously is arranged within the 
constriction 63. Further as before, gaps 66 are provided between the leading and trailing 
ends of adjacent annular members 60 to allow introduction of fluid flow tcom outside the 
difEuser 58 and into the flow passage 59, 

30 The aerofoil section members of the diffusers of in the embodiments of Figs, 7 to 

1 1 may also be adjusted to var>^ the size of the gaps between adjacent aerofoil section 
members to achieve optimxwn output. of the prime mover located within the diffuser. 
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The aerofoil section members of the dififusers may be in various configurations 
other than that described and in varying numbers. In the embodimeats illustrated the 
diffusers include five aerofoil section luembers however the diffusers may include any 
number of aerofoil section members. The aerofoil section members are typically of 
5 constant cross section throughout their length but may be of different aspect ratios. The 
aerofoil section members in the described diffusers are substantially identical in cross 
section however respective aerofoil section members in a difJUser may be of different 
cross sections. The aerofoil section members in a diffuser additionally or alternatively 
may have different aspect ratios. 

10 The diffusers described above typically are constructed of metal such as 

aluminium but miay be constructed of other materials such as glass reinforced plastics or 
combinations of materials. Similarly the components of the turbine may be constructed 
of pla^tias, glass reinforced plastics or other materials or combinations of materials. 

The terms "comprising" or "comprises" or derivatives thereof as used throughout 

15 the specification and claims are taken to speciify the presence of the stated features, 
integers and components referred to but not preclude the presence or addition of one or 
more other feature/s, integer/s, oomponent/s or group thereof. 

It will of course be realised that Gie above been given only by way of 
ilixjistrative example of the invention and that all such modifications and variations thereto 

20 as would be apparent to persons skilled in the art are deemed to fall within the broad 
scope $nd ambit of the invention as defined in the appended claims. 



25 



30 
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Claims 

1. A difibser for iise in apparatus for extracting energy from a flow of liquid, $aid 
diffuser comprising a flow passage haying an inJet and an outlet and a side wall or walls 

5 between said inlet and said outlet, said side wall or walls being defined by a plurality of 
members of an aerofoil cross section, 

2. A diffiiser as claimed in claim 1 wherein said aerofoil section members are 
arranged in sesries betweeoa said inlet and said outlet such that other than at the inlet and 

10 outlet, the trailing portion of one aerofoil section member is adjacent the leading portion 
of the immediately adjacent trailing aerofoil section member. 

3. A difftiser afs claimed in claim 2 wherein a gap is provided between a trailing 
portion of each acsrofoil section member and the leading portion of the adjacent aerofoil 

15 section member whereby flow of fluid from outside of the diffiiser can be introduced into 
the flow passage between the respective aerofoil section members. 

4. A diffuser as claimed in any one of the preceding claims and including support 
means for rotatably supporting said diffuser whereby said diffiiser may adjust to the 

20 direction of the flow of fluid, 

5. A diffuser as claimed in claim 4 wherein said support means conciprises a support 
pedestal to which the diffuser is mounted for rotation about a vertical axis. 

25 6. A diffiiser as claimed in any one of the preceding claims wherein said flow 
passage initially decreases in cross sectional area from the inlet to a constricted region 
between the inlet and the outlet and, thereafter, has an increasing cross sectional area 
rearwardly and away from the coiistricted region towards the outlet. 



30 



7, A diffuser as claimed in claim 6 wlierein said aerofoil section m^bers are 
arranged along a parabolic curve between the inlet and outlet. 
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8. A difiuser as claimed in any one of the preceding clams wherein said flow passage 
is of a substantially rectangular cross section, said diffiiser having a pair of opposite 
spaced apart planar walls and a pair of opposite side walls defined by said aerofoil section 
rnembcrs. 

5 

9. A diffuser as claimed in claim 8 wherein said spaced apart planar walls comprise 
upper and lower walls and wherein said aerofoil section members are oriented $uch that 
the leading and trailing ends of the aerofoil section members are substantially vertical and 
extend between the upper and lower walls. 

10 

10. A diflftiser as claimed in any one of claims 1 to 7 wherein said flow passage is 
substantially drcular in cross section wilh the side walls of the diffhser being defined by 
annular members of aerofoil cross section. . 

15 1 1 - A diffbser as claimed in any one of claims 1 to 7 wherein said flow passage is of 
multi-sided cross section wherein said flow passage is ddSned by a plurality of aerofoil 
section members which are angled to each other. 

12. A difEuser as claimed in claim 6 wherein respective said aerofoil section members 
20 from the constricted region rearwardly are angled at an increasing angle to the 

longitudina] axis of the diflfbser. 

13. A diflftis^ as claimed in claim 6 wherein at the leading end of the difl[hser, the 
aerofoil section members of the side walls arc angled outwardly from the ooikstricted 

25 region at 1 0 to 12 degrees to the longitudinal axis of the diffuser, 

14. A diffiiser as claimed in claim 6 wherein at the trailing end of the diffaser, the 
aerofoil section members of the side walls are angled outwardly from the constricted 
region at 40 to 45 degrees to the longitudinal axis of the difflxser- 

30 

15. A diffiiser as claimed in any one of the preceding claims wherein the aerofoil 
section members comprise asymmetric aerofoil section members. 
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16. A diffiiser as claimed in clam 3 and including means for adjusting the aerofoil 
secstion member$ to adjust the gap between the aerofoil section members. 

17* A diffiiser as claimed in claim 16 wherein said aerofoil section mOTibers are 
5 moimted for pivotal movement about their longitudinal axes and including means for 
adjuisting the pivotal position of the members. 

18. A method of generating energy, the method comprising the steps of providing a 
diffuser in a naturally occurring fluid flow, said diffuscr comprising a flow passage 

10 having an inlet and an outlet and a side wall or walls between said inlet and said outlet, 
said side wall or walls being defined by a plurality of members of an aerofoil cross 
section and said flow passage having a constricted region between said inlet and said 
outletj and driving an energy take-off means with a prime mover positioned in the 
constricted region, the prime mover being configured to move in response to the flow of 

1 5 fluid through tho constricted region. 

19. Apparatus for generating energy, the apparatus comprising a diffiiser comprising a 
flow passage having an inlet and an outlet and a side wall or walls between said inlet and 
said outlet^ said side wall or walls being defined by a plurality of members of an aerofoil 

20 cross section, said flow passage having a constricted region between said inlet and outlet 
and a prime mover positioned in Hie constricted region to drive an ea^gy take-off means, 
the prime mover being configured to move in response Co the flow of fluid throu^ the 
constricted region. 

25 20, Apparatus as claimed in claim 19 wherein said prinie mover comprises a turbine 
having a rotatably mounted shaft and blades supported on or to the shaft. 

21. Apparatus as claimed in claim 20 wherein said blades are spaced radially finom. 
and extend parallel to, the shaft and are of an aerofoil cross section. 

30 

22. Apparatus as claimed in claim 21 wherein said blades mounted so as to be 
capable of limited pivotal movement about their longitudinal axes. 
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23. Apparatus as claimed in claim 22 whesrein damping means are provided to damp 
pivoting movetneait of the blades, 

24. Apparatus as claimed in claim 23 wherein an aim is fixed to each blade for pivotal 
5 movement therewith^ said arm being associated with thje damping mean$» 

25. Apparatus as claimed in claim 24 wherein said damping means comprise 
hydraulic damping means including a piston and cylinder for damping pivotal movement 
of the blades in opposite directions. 

10 

26. Apparatus as claimed in claim 25 wherein said cylinder includes an opening to 
allow limited flow of fluid to and from the cylinder upon movement of the piston therein 
in opposite directions. 

1.5 27. Apparatus as claimed in claim 25 or 26 wherein said arms of the blades ate 
pivotally connected to the respective pistons of the hydraulic damping means, 

28, Apparatus as claimed in any one of claims 25 to 27 and including stop means for 
limiting pivotal movement of the blades, 
20 ' 

29* Apparatus as claimed in claim 28 wherein said stop means are provided in the 
path of movement of the arms to limit pivotal movement of the arms and thus blades in a 
first direction, 

25 .30, Apparatus as claimed in claim 29 wherein said damping means limit the pivotal 
movement of the arms and blades in the opposite direction. 

31, Apparatus as claimed in any one of claims 19 to 30 wherein said aerofoil section 
members are arranged in series between the inlet and outlet and wherein other than at the 
30 inlet and outlet, a gap or slot h provided between a trailing portion or edge of each 
aerofoil section member and the leading portion or edge of the adjacent profiled section. 
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32. Apparatus as claimed in claim 31 and including means for sensing the output of 
said prime mover and means for adjusting said aerofoil section members to vary tJie si^e 
of said gaps between said aerofoil section members in accordance Wiethe sensed output. 
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